Spermatogonial stem cells (SSCs) provide the foundation of spermatogenesis, but studies are hampered by their scarcity. Although the cryptorchid operation is often used to obtain an enriched SSC population, making cryptorchid testes is timeconsuming and the technique is not applicable to many animal species. In the present study, we screened for a new surface antigen on SSCs using germline stem (GS) cells (i.e., cultured SSCs). Germ cell transplantation experiments showed that SSCs express melanoma cell adhesion molecule (MCAM), which belongs to the immunoglobulin superfamily and mediates cation-independent adhesion. Although MCAM overexpression in GS cells did not influence SSC colony formation frequency or subsequent spermatogenesis after transplantation, MCAM knockdown in GS cells by short-interfering RNA treatment reduced colony numbers, suggesting that MCAM plays a role in sustaining SSC potential. Multiparameter selection of wild-type adult testis cells with a CD9 + EPCAM low MCAM + KIT À phenotype resulted in a 561-fold enrichment of SSCs. Development of a new strategy for SSC enrichment from mature adult testes will facilitate analyses of SSCs in the normal testicular microenvironment.
INTRODUCTION
Spermatogenesis is a complex process that continues throughout the life of a male animal. It consists of three phases: mitotic division of spermatogonia, meiosis of spermatocytes, and spermiogenesis. Spermatogonial stem cells (SSCs) are the foundation of spermatogenesis. Mice have 2-3 3 10 4 SSCs in the testis, which comprise only 0.02%-0.03% of the total germ cell population [1, 2] . Despite their scarcity, SSCs have a unique ability to undergo self-renewal division to reproduce themselves as well as produce progenitors that are committed to differentiate. The unique ability to undergo selfrenewal division is an important characteristic that defines SSCs. However, SSCs are morphologically indistinguishable from committed progenitors, and the lack of a method to prospectively identify SSCs has severely hampered SSC research. Discovery of SSC markers will not only improve SSC identification but also contribute to an understanding of the mechanism of self-renewal division.
Since the first report of ITGA6 and ITGB1 expression on SSCs in 1999 [3] , several SSC surface markers have been identified using the spermatogonial transplantation technique, which is the only reliable method of identifying SSCs in a functional manner [4, 5] . However, none of these molecules is specifically expressed on SSCs. Moreover, because spermatogonia comprise only a small population in the testis [1, 2] , obtaining a sufficient number of SSCs from mature adult testes is problematic. This could be resolved by using cryptorchid testes, which contain only undifferentiated spermatogonia in a C57BL/6 (B6) background [6, 7] . Cells enriched for SSCs are obtained only after multiparameter selection of cryptorchid testis cells based on their light-scattering properties and combinations of several surface markers [8, 9] . However, removal of differentiated germ cells requires approximately 2 mo after the cryptorchid operation, and the technique may not be easily extrapolated to other animal species due to anatomical and physiological differences [10, 11] . Although another enrichment strategy using transgenic mice that express CD4 under the spermatogonia-specific Stra8 promoter was reported [12] , use of such transgenes limits application of a similar strategy in wild-type (wt) mice or other animal species. Thus, a clear need exists to develop new methods for SSC enrichment from wt testes.
To overcome this problem, we recently reported a method of SSC enrichment from wt testes based on their CD9 and EPCAM expression patterns [13] . CD9 and EPCAM were thought to be expressed on SSCs. However, although CD9 expression on SSCs was demonstrated in mice, CD9 is also expressed on somatic cells in mice, and EPCAM expression on SSCs was demonstrated only in rats [14, 15] . In our previous experiments, CD9-selected adult mouse testis cells were stained with antibodies against CD9 and EPCAM, and the CD9 þ EPCAM low population had a relatively high SSC activity. The frequency of mouse SSCs in the CD9 þ EPCAM low population was 1 in 115 cells [13] . This value was slightly higher than that achieved by an in vivo enrichment method using mouse cryptorchid testis, in which 1 in 161 cells were SSCs [7] . In contrast, CD9 low EPCAM þ cells showed little SSC activity and were enriched for committed spermatogonia. This result was unexpected, because EPCAM was thought to be the best marker of rat SSCs [5] . This not only indicated that the SSC phenotype is not necessarily conserved among different species but also paved the way to further enrichment by introducing additional markers from wt testes.
In the present study, we identified melanoma cell adhesion molecule (MCAM) as a novel cell adhesion molecule (CAM) on SSCs. MCAM is a transmembrane glycoprotein that belongs to the immunoglobulin G superfamily of CAMs [16] . We examined the function of MCAM using germline stem (GS) cell cultures (i.e., cultured spermatogonia with enriched SSC activity [17] ) and used this molecule to enable SSC enrichment from wt testes by fluorescence-activated cell sorting (FACS).
MATERIALS AND METHODS

Cell Culture
Germline stem cells derived from a transgenic line C57BL6/Tg14 (act-EGFP-OsbY01; designated green; gift of Dr. M. Okabe, Osaka University, Osaka, Japan) were described previously [17] . Culture medium for GS cells was based on StemPro-34 SFM (Invitrogen) as described previously [17] . Growth factors used were 10 ng/ml of human FGF2 and 15 ng/ml of recombinant rat GDNF (both from Peprotech). Cultures were maintained on mitomycin C-treated mouse embryonic fibroblasts (MEFs). When indicated, cells were also maintained on laminin-coated plates (20 lg/ml; BD Biosciences).
For screening of surface antigens, green GS cells cultured on MEFs were incubated in Cell Dissociation Buffer (CDB; Invitrogen) for 5 min to obtain single-cell suspensions, whereas a 0.25% trypsin/1 mM ethylenediaminetetraacetic acid (EDTA) solution (Sigma) was used in other experiments.
Laminin-Binding Assay
An adhesion assay was performed as described previously [18] , with slight modifications. In brief, green GS cells were plated on laminin (20 lg/ml)-coated dishes at a density of 3 3 10 5 cells per 9.4 cm 2 . After incubation for 15 min at 48C, the plates were washed successively five times with PBS, and adherent cells were recovered with 0.25% trypsin/1 mM EDTA.
Transfection
For lentivirus transfection, cDNA encoding MCAM (Open Biosystems) or yellow fluorescent protein (YFP; Addgene) was cloned into CSII-EF1a-IP vector. Lentivirus particles were produced by transfection of 293T cells, and the culture supernatant was used to transfect GS cells as described previously [19] . The multiplicity of infection for Mcam transfection experiment was adjusted to 3.6. Virus titer was measured using a Lenti-X p24 Rapid Titer Kit (Clontech). Transfected cells were genetically selected by puromycin treatment.
For short-interfering RNA (siRNA)-mediated knockdown (KD), green GS cells were plated at a density of 8 3 10 5 cells per 9.4 cm 2 , and after overnight incubation (378C), Stealth RNAi siRNA Duplex Oligoribonucleotides MCAMMSS234801, 234802, and 294552 and Stealth RNAi Negative Control Duplexes were transduced using Lipofectamine RNAiMAX (all from Invitrogen).
Histology and Immunohistochemistry
For analysis of donor-derived spermatogenesis, testis samples were fixed in 10% neutral-buffered formalin overnight before being embedded in paraffin and sectioned (8 lm thick). Histological sections were stained with hematoxylin and eosin. For immunohistochemistry, testes from 1-, 10-, and 42-day-old B6 mice (Japan SLC) were fixed with 4% paraformaldehyde for 2 h and embedded in OCT compound (Sakura Finetek) for cryosectioning. The sections were treated with PBS/0.1% Triton-X for 10 min and then immersed in PBS/0.1% Tween-20/3% bovine serum albumin (BSA; MP Biomedicals)/10% goat serum at 48C overnight. The sections were then incubated with the appropriate antibodies at room temperature for 1 h. After washing three times for 5 min with PBS/0.1% Tween-20, the samples were next incubated with secondary antibodies for 1 h. Slides were counterstained with Hoechst 33342 (5 lg/ml; Sigma). Antibodies used in the experiment are listed in Supplemental  Table S1 (all Supplemental Data are available online at www.biolreprod.org).
Giemsa staining was carried out with Hemacolor following the manufacturer's instruction (Merck) using cells that were centrifuged (5 min at 113 3 g) on glass slides by a Shandon Cytospin 4 (Thermo Fisher Scientific).
Apoptosis Assay
For detecting apoptosis of cultured and transplanted cells, an Annexin V Apoptosis Detection Kit APC was used as per the manufacturer's instructions (eBioscience). Propidium iodide (1 lg/ml; Sigma) was added to distinguish early stage apoptotic cells from late stage cells.
Western Blot Analysis
We used SDS-PAGE to separate GS cell lysates, which were transferred to a Hybond-P membranes (Amersham Biosciences) using standard procedures. Antibodies used in the experiment are listed in Supplemental Table S1 .
Testis Cell Collection
Seminiferous tubules were incubated in 1 mg/ml of collagenase (type IV; Sigma) for 15 min at 378C with occasional gentle agitation. Tubules were then washed twice for 1 min in Hanks balanced salt solution, followed by incubation for 10 min at 378C in CDB containing 1.4 mg/ml of DNase (Sigma). The digestion was stopped by adding an equal volume of Iscove modified Dulbecco medium (Sigma) supplemented with 3 mg/ml of BSA (MP Biomedicals). After centrifugation at 600 3 g for 5 min, the cell pellet was resuspended in PBS/1% fetal bovine serum (PBS/FBS; Thermo Fisher Scientific).
Cell Sorting and Analyses
In magnetic-activated cell sorting (MACS) experiments, testis cells from 6-to 16-wk-old green mice of B6 background were used. Cells were incubated in 1 ml of PBS/FBS for 10 min at 48C with candidate antibodies (Supplemental Table S1 ). After washing the cells twice by centrifuging in PBS/FBS for 5 min at 390 3 g, a MicroBeads solution (Miltenyi Biotec) was added, and cells were incubated for 15 min at 48C. The cells were then passed through a Large Cell Separation Column (Miltenyi Biotec) according to the manufacturer's instructions. For analyses of cell surface antigens of MCAM-selected cells, the cells were incubated with the indicated antibodies (Supplemental Table S1 ). Stained cells were analyzed using a FACSCalibur flow cytometer (BD Biosciences).
For FACS, 6-to 16-wk-old B6-TgR(ROSA26)26Sor (ROSA) mice (The Jackson Laboratory) were used to select for CD9-expressing cells by MACS. The collected cells were then incubated with the indicated antibodies (Supplemental Table S1 ). Propidium iodide (1 lg/ml; Sigma) was added to exclude dead cells. Stained cells were sorted using a FACSAria III cell sorter (BD Biosciences).
Transplantation
The donor cells were transplanted into WBB6F1-W/W v (W) mice (Japan SLC). Approximately 4 ll were introduced into the seminiferous tubules of 4-to 6-wk-old adult testes. Microinjection was performed through the efferent duct [20] . Each injection filled 75%-85% of the seminiferous tubules. For transplantation of GS cells, recipient animals were treated with anti-CD4 antibody to avoid rejection of donor cells as described previously [21] . The Institutional Animal Care and Use Committee of Kyoto University approved all animal experimentation protocols.
Statistical Analysis
The results are presented as the mean 6 SEM. Independent samples with equal variance were analyzed using the Student t-test. Effects of cytokines on MCAM expression and SSC activity of subfractionated cells was analyzed by ANOVA followed by Tukey honestly significant difference.
RESULTS
Identification of MCAM on SSCs
To identify cell surface molecules on SSCs, we screened for antigens expressed on GS cells. Previous studies showed that 1%-2% of GS cells had SSC activity [22] . Based on the available literature and microarray data, GS cells from green mice were stained with various antibodies against CAMs or receptors. Although trypsin is usually used in previous purification studies, we used a nonenzymatic CDB, because some antigens are sensitive to trypsin digestion. Expression levels of candidate antigens were analyzed by flow cytometry. Analyses revealed several candidates, including BSG, CD81, EPHA2, LY75, MCAM, NOTCH1, NOTCH2, and PVR, are expressed on GS cells (Fig. 1A and Supplemental Table S2 ).
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For the next round of screening, we examined the expression of these molecules on SSCs in vivo using germ cell transplantation [4] . Testes were collected from adult mice and dissociated by a combination of collagenase type IV and CDB. Compared with the conventional two-step enzymatic digestion procedure using trypsin, single-cell suspension prepared by this protocol showed increased colonization efficiency, which suggested the importance of adhesion molecules on SSC colonization (Supplemental Fig. S1 ). Candidate cell populations were collected by MACS and transplanted into seminiferous tubules of congenitally infertile W mice. The recipients were killed 2 mo after transplantation, and their testes were analyzed under ultraviolet light. Of the tested antibodies, only anti-MCAM antibody successfully enriched SSCs (Fig. 1B) . Other tested antibodies failed to enrich SSCs with statistical significance.
To confirm this screening result, we carried out additional investigations of MCAM. Approximately 9.9% 6 3.0% (n ¼ 3) of the total testis cells could be recovered after MCAM selection by MACS. Flow cytometric analyses showed increased expression of CD9, CDH1, EPCAM, ITGA6, ITGB1, and KIT in MCAM-selected cells compared with wt testis cells, suggesting that the cell suspension was enriched for a spermatogonia population (Fig. 1C) . Transplantation analyses showed that MCAM-selected and control cells produced 8.8 6 1.3 (n ¼ 14) and 3.9 6 0.6 (n ¼ 17) colonies, respectively, per 10 5 transplanted cells, demonstrating MCAM to be a bona fide SSC marker (Fig. 1, D and E) .
Expression of MCAM in the Testis
To localize the expression of MCAM in the testis, we performed immunohistochemistry (Fig. 2) . Testis from 1-dayold mice contained only gonocytes, which already expressed MCAM. MCAM þ cells were also found in 10-day-old mouse testis, which contained spermatogonia and spermatocytes but not spermatids. Although MCAM þ cells were found in the luminal cells of 1-day-old mice, they were detected more frequently on the basement membrane of 10-day-old mice.
Testis from 42-day-old mice contained all stages of spermatogenic cells, and MCAM þ cells predominated in cells on the basement membrane of the seminiferous tubules. When MCAM was double-stained with antibodies against CDH1, EPCAM, or KIT, double-positive cells were found more frequently in EPCAM þ spermatogonia than in CDH1 þ or KIT þ cells in the adult testis (Supplemental Table S2 ). This result suggests that a subset of undifferentiated spermatogonia express MCAM but that most of its expression is found in differentiating spermatogonia.
Expression and Functional Analysis of MCAM in GS Cells
Self-renewal of SSCs is regulated by FGF2 and GDNF, which are secreted by Sertoli cells [23, 24] . We investigated the effects of these cytokines on MCAM expression levels. GS cells were cultured without cytokines for 3 days, and MCAM expression levels were evaluated by adding individual cytokines. Flow cytometric analyses at 3 days after cytokine stimulation showed that MCAM was upregulated by both FGF2 and GDNF, but the combination of both did not increase the MCAM expression level in a synergistic manner (Fig. 3A) .
To determine its cellular role, we overexpressed MCAM in GS cells (MCAM-GS cells). GS cells were transfected with an MCAM-expressing lentivirus vector and then genetically selected. MCAM upregulation was confirmed by Western blot analysis (Fig. 3B) . MCAM-GS cells showed no apparent morphological changes and a proliferation comparable to that of wt GS cells (Fig. 3C) . MCAM overexpression also did not rescue cytokine deprivation-induced apoptosis of GS cells (Fig.  3D ). To assess their SSC potential, we transplanted MCAM-GS cells into W mice. Analyses of the recipient mice showed that control and MCAM-GS cells produced 411.5 6 64.1 (n ¼ 12) and 254.4 6 69.2 (n ¼ 13) colonies, respectively, per 10 5 transplanted cells (Fig. 3E) . Although the colonization efficiency of MCAM-GS cells was lower, the difference was not statistically significant. We also found no significant abnormalities in the histology of the W recipient testis (Fig.  3F) .
In the next set of experiments, we transfected siRNA into GS cells to inhibit MCAM function. Three days after transfection, flow cytometry showed that siRNA treatment reduced MCAM expression (Fig. 4A) , although no apparent KANATSU-SHINOHARA ET AL. morphological changes were apparent in the colonies. In addition, the proliferation rate and apoptosis ratio in control and Mcam siRNA-treated cells were comparable (Fig. 4, B and  C) . However, when we transplanted the cells into W mice to evaluate changes in SSC activity, we found a significant decrease in SSC activity. Treatment of GS cells with control and Mcam siRNA generated 198.1 6 33.7 (n ¼ 24) and 110.4 6 19.5 colonies, respectively, per 10 5 transplanted cells (n ¼ 26) (Fig. 4, D and E) . Thus, Mcam KD decreased the concentration of SSCs but had no effect on GS cell proliferation.
Analysis of MCAM Function During SSC Homing
Because no significant changes in cell proliferation or apoptosis were observed, we analyzed the effect of Mcam KD on SSC homing. Because MCAM promotes formation of the focal adhesion complex [25] , we first examined whether Mcam KD might alter adhesion to laminin, a basal membrane component. However, Mcam KD had no significant effect on the laminin-binding ability of GS cells (Fig. 4F) .
To examine the involvement of MCAM in the early phase of colonization, green GS cells were treated with Mcam-siRNA and then transplanted into seminiferous tubules, which were then recovered 6 days posttransplantation (Fig. 4G) . Because the doubling time of SSCs in vivo after transplantation is approximately 7.9 days [26] , we could ignore the effect on cell proliferation at this point. The number of donor-derived cells in recipient testes, as detected by enhanced green fluorescence protein (EGFP) expression, was not significantly different in either macroscopic or flow cytometric analyses. Additionally, Mcam-siRNA treatment had no effect on apoptosis at this stage. These results suggested that Mcam KD compromises SSC activity after homing to the niche.
SSC Enrichment by FACS Using MCAM
In the final set of experiments, we examined the utility of MCAM for SSC enrichment. We collected testis cells from adult ROSA mice, and we used an anti-CD9 antibody to enrich SSCs [14] . Using this cell population, FACS was performed by combining antibodies against CD9, EPCAM, KIT, and MCAM. We found that CD9 þ EPCAM low cells, which were relatively enriched for SSCs [13] , could be divided into two major populations according to their MCAM and KIT expression pattern (Fig. 5, A and B) . Whereas these populations expressed KIT, we also collected cells that did not, because our previous study showed a lack of KIT expression on SSCs [8] .
To determine the location of SSCs, cells from each population were transplanted into the seminiferous tubules of W mice (Fig. 5, C and D) . Nonselected total testis cells were used as the control. Evaluation of recipient testes showed that SSCs were the most concentrated in the fraction
Although the level of enrichment varied from 114-to 1194-fold in four experiments, these cells generated an average of 1650 colonies of spermatogenesis from 10 5 transplanted cells (Table 1) . We failed to find colonies from fraction III cells that showed weak MCAM expression level. However, we noted SSC activities in fraction II cells that expressed both MCAM and KIT. These cells produced 604 colonies per 10 5 transplanted cells, a population that was significantly enriched for SSCs compared with control nonselected cells. These results suggest that SSCs were most concentrated in fraction I cells but were also found in cell populations with low KIT expression levels.
DISCUSSION
In the present study, we identified MCAM as a new SSC surface antigen. For the initial screening, we used GS cells, because these are enriched for SSCs. Although GS cells showed expression of several candidate markers, only MCAM was expressed on SSCs in vivo. This supports our previous observation that GS cells and SSCs do not necessarily share the same surface profiles [27] . Nevertheless, a GS cell-based approach was useful for identifying MCAM as a surface marker, and a similar approach may be useful for further characterizing SSCs.
A member of the immunoglobulin superfamily of CAMs, MCAM is thought to play critical roles in endothelial cell activity and angiogenesis [16] . Its function is best studied in melanocytes, where it was originally discovered as a human melanoma-associated antigen [28] . Notably, MCAM expression increases as tumors become thicker and acquire metastatic potential [29] . Moreover, MCAM overexpression in lowtumorigenic, nonmetastatic melanoma cells significantly increased their tumorigenicity and metastatic potential in nude mice [30, 31] . However, MCAM is constitutively expressed in mammary gland epithelium and frequently lost in breast carcinomas, which suggests a tumor suppressor function [16] . These results show that MCAM is a multifaceted molecule implicated in various biological and pathological processes.
Our FACS results show that MCAM is useful for enriching SSCs from wt testes. Studies have shown that SSC is characterized by side scatter
, and KIT À [5] . So far, only ITGB1 deficiency is known to compromise SSC activity [18] . In the present study, we subfractionated a CD9 þ EPCAM low cell population, which is relatively enriched for SSCs, according to the MCAM and KIT expression patterns. Assuming that colonization efficiency is approximately 10% [32] , the frequency of SSCs in CD9 þ EPCAM low MCAM þ KIT À cell population is one in six cells, which translates into an enrichment of 561-fold compared to total testis cells. This level of SSC enrichment exceeds those achieved using cryptorchid testes that possess only undifferentiated spermatogonia (1 in 30 cells) [8, 9] . Although the cryptorchid technique is useful for removing differentiating germ cells in mice, it damages the testicular microenvironment in other animal species and causes infertility, including in rats [10, 11] . In addition, undifferentiated spermatogonia behave differently in cryptorchid testes, in which spermatogonia clones with oddnumbered cells (i.e., not composed of 2n cells) are observed at a significantly higher frequency than in wt testes [6] . Our protocol will facilitate collection of a highly enriched SSC population from wt testes, which will be useful for analyzing SSCs in the normal testicular microenvironment.
MCAM ON SPERMATOGONIAL STEM CELLS
One of the unexpected findings was the SSC activity in KIT þ cells. The lack of KIT expression in SSCs was suggested originally by in vivo administration of an anti-KIT neutralizing antibody, which induced apoptosis of differentiating spermatogonia but did not affect the proliferation of undifferentiated spermatogonia [33] . We subsequently found that SSC activity is present in the KIT À fraction in cryptorchid testes using FACS [8] . However, a more recent study showed the presence of KIT þ SSCs [34] . In this experiment [34] , KIT þ cells in the side population (SP) fraction, which contained enriched SSCs, showed weaker but consistent SSC activity. Moreover, addition of FGF2 and GDNF reprogrammed spermatogonial progenitors for reverse differentiation in vitro. However, SSC activity in the SP fraction is questioned in other studies [9, 35] , and whether differentiated progenitors undergo reverse differentiation remains controversial. In the present study, whereas KIT À cells clearly possessed the highest SSC activity, we also found colonization of MCAM þ KIT low cells. However, for us to completely exclude the possibility that a small number of KIT À cells contaminated the KIT low cells is difficult. We think that this issue needs to be resolved in the future by clonal SSC analysis.
An important question that arises from the present study is the role of MCAM. Increased MCAM expression by FGF2 and GDNF suggested that MCAM is expressed more strongly in cells residing in the SSC niche. Although Mcam KD did not alter cell recovery, this treatment decreased the SSC activity of GS cells after transplantation, which suggests that MCAM plays a role in sustaining SSC activity in the niche. This was in contrast to EPCAM, the KD of which in GS cell cultures decreased cell recovery but increased SSC concentration [13] . Considering the lack of apparent impact on GS cell proliferation and the fact that MCAM is associated with migratory activity in other cell types [16] , we examined MCAM involvement in SSC homing to the niche. In fact, MCAM is thought to promote focal adhesion assembly by forming a multiprotein complex including FYN, FAK, and PXN [25] . However, we failed to find a significant defect in attachment to laminin-coated plates. In addition, no significant effect on the number of donor-derived cells in recipient testes after Mcam KD was found at 6 days after transplantation. Therefore, current data suggest that MCAM plays a role in sustaining SSC potentials in the niche rather than homing. Nevertheless, because SSCs can be identified only after they make germ cell colonies and SSC homing is composed of several different steps, we think that these results do not completely eliminate the possibility that MCAM is involved in SSC homing. In this sense, caution is necessary when interpreting these data, and further characterization of MCAM function is required to clarify its role in SSCs.
In other stem cells, MCAM has also been identified. For example, mesenchymal stem cells (MSCs) in the bone marrow express MCAM, and they regenerate bone and the hematopoietic microenvironment when transplanted subcutaneously [36] . MCAM was also found on human testis-derived embryonic stem (ES) cell-like cells [37] . Although their differentiation potential is significantly different from that of ES cells, they had a transcriptome that closely resembled that of MSCs and also differentiated efficiently in vitro toward three mesodermal lineages: the adipogenic, osteogenic, and chondrogenic lineages. Because of this differentiation capacity and MCAM expression, the origin of these cells was thought to be testisderived MSC-like cells. Given our report of MCAM expression on mouse SSCs, investigating whether human SSCs also express MCAM and whether MCAM plays a role in the maintenance of SSCs or conversion of MSC-like cells would be of interest.
In summary, we identified a new SSC surface marker, the function of which is necessary for SSC activity. To our knowledge, this is the second surface molecule known to compromise the function of SSCs. Using MCAM, we developed a novel SSC enrichment strategy using wt testis, and future analysis of MCAM will increase our understanding of the relationship between SSCs and their microenvironment. The primary goal will be to obtain a pure SSC population from many animal species, which would facilitate their culture and genetic manipulation.
